While vocal learning has been studied extensively in birds and mammals, little effort has been made to define what exactly constitutes vocal learning and to classify the forms that it may take. We present such a theoretical framework for the study of social learning in vocal communication. We define different forms of social learning that affect communication and discuss the required methodology to show each one. We distinguish between contextual and production learning in animal communication. Contextual learning affects the behavioural context or serial position of a signal. It can affect both usage and comprehension. Production learning refers to instances where the signals themselves are modified in form as a result of experience with those of other individuals. Vocal learning is defined as production learning in the vocal domain. It can affect one or more of three systems: the respiratory, phonatory and filter systems. Each involves a different level of control over the sound production apparatus. We hypothesize that contextual learning and respiratory production learning preceded the evolution of phonatory and filter production learning. Each form of learning potentially increases the complexity of a communication system. We also found that unexpected genetic or environmental factors can have considerable effects on vocal behaviour in birds and mammals and are often more likely to cause changes or differences in vocalizations than investigators may assume. Finally, we discuss how production learning is used in innovation and invention, and present important future research questions.
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S ocial learning and, in particular, imitation has received considerable research attention in recent years (Heyes & Galef 1996; Box & Gibson 1999) . One reason for this is the assumption that exhibiting true motor imitation is an indication that an animal has a theory of mind (Whiten & Ham 1992) . Since motor patterns can be learned socially or individually, researchers have taken great care to develop a detailed theoretical framework, within which they define different forms of individual and social learning and discuss the methodology required to show each one (Whiten & Ham 1992; Heyes 1998). However, one form of social learning, vocal learning, has been studied intensively for a long time from a different perspective: to elucidate the interactions between nature and nurture.
Much of the work on vocal learning has been on birds, a group in which many versatile vocal learners can be found. In contrast to other motor imitation in animals, the occurrence of vocal learning in songbirds is so obvious that very little effort has focused on defining what constitutes vocal learning and classifying the forms that it may take. This lack of a clear framework has carried over into studies on mammals, where the evidence for vocal learning is less clear and studies have concentrated more on learning when to use signals rather than how to produce them. This difference of perspective has often led to confusion over terms or overinterpretation of results. But, even in songbirds, many aspects of song are not learned (Marler & Pickert 1984; Marler & Sherman 1985; Podos 1996; Nowicki et al. 1999 ) and learning abilities can differ between populations of the same species (Kroodsma & Canady 1985; Nelson et al. 1996) .
The variety of ways that social learning may influence vocal communication, and of possible research foci, shows that a clear theoretical framework is needed to be able to compare species and to understand the factors influencing the occurrence of learning in animal communication. In this review, we give such a theoretical Correspondence: V. M. Janik, Woods Hole Oceanographic Institution, Biology MS 34, Woods Hole, MA 02543, U.S.A (email: vjanik@whoi.edu 
